Nine novel {bis-4-[(3-alkyl-5-oxo-1H-1,2,4-triazol-4(5H)-yl)-iminomethyl]-phenyl} [1,1 0 -biphenyl]-4,4 0 -disulfonates were synthesized and their structures were determined with spectral methods. Corrosion inhibitor activities of the title compounds were investigated using quantum mechanical methods. The parameters such as the Energy of the Highest Occupied Molecular Orbital (E HOMO ), Energy of the Lowest Unoccupied Molecular Orbital (E LUMO ), energy gap (ΔE ¼ E LUMO -E HOMO ) and dipole moment (μ) which are related to the corrosion effectivity of the organic compounds whose the molecular geometry and electronic properties are especially studied, were determined by using the density function theory method. Using these calculation results, properties such as hardness (ɳ), softness (σ), electronegativity (χ) values were calculated. Also quantum chemical parameters such as the fraction of transferred electrons (ΔN) between the iron surface and the 4,5-dihydro-1H-1,2,4-triazole-5-one derivative compounds were calculated. It has been discussed that which parameters have a good linear relationship with inhibition efficiency.
Introduction
The field of study of heterocyclic molecules containing five member 1,2,4 triazole rings has been increasingly noted in recent years. A large number of researches were made for Schiff bases synthesized by Hugo Schiff for the first time in 1864 [1] . Structurally, in the first step, a carbonyl amine intermediate is formed from the condensation of the carbonyl group with the primary amine. In the second step, the Schiff base was formed at the end of the dehydration of this carbonyl amine intermediate compound [2] . Schiff bases have been extensively researched due to their application in many scientific and industrial fields [3, 4, 5, 6, 7] . Schiff base complexes have been observed to have different chemical activities showing reversible oxygen binding properties [8, 9] , catalytic activities on olefins that getting hydrogenic [10] , electrochemical electron transfer [11] , photocromic features [12] , and complexes formed by several toxic metals [13, 14] .
It was determined that many organic compounds exhibit corrosion preventing (inhibitor) properties in corrosion studies, which is an important economic aspect. Organic inhibitors were found to prevent corrosion of the metal by adding a small amount to the medium. It is known that the inhibitory activities of organic inhibitors in cyclic structures containing heteroatom and conjugate bond, especially nitrogen, oxygen, phosphorus and sulfur are high [15] . The high formation of inhibitory activities of such compounds is due to the dissociated electron pairs and π electrons in their molecular structures. Schiff bases are considered great corrosion inhibitors because of the presence of electronegative nitrogen, oxygen, sulfur atoms, C¼N group and aromatic ring in the molecular [16] . Presence of oxygen, nitrogen and sulfur in the structure of the sulfonates containing 4,5-dihydro-1H-1,2,4-triazole-5-one moieties increases likelihood of them being corrosion inhibitors.
Computational chemistry methods are as important as experimental methods in determining corrosion inhibitors. Without experiment, the activity of an inhibitor can be interpreted by using several quantum chemical parameters [17] . With quantum chemical calculations, compounds that can act as corrosion inhibitors between organic molecules can be designed. Quantum chemical parameters that are used frequently in the theoretical studies about corrosion can be grouped under the headings of atomic charges, molecular orbital energies, and energy [18] . In other words, it is necessary to calculate the parameters such as molecular activity, structure and load in corrosion inhibitors. Possible structure of the molecule can shed some light on the steric hindrance or how the inhibitor approaches the metal solution interface. In another approach, in orbital energies and the differences in orbital energies can also indicate how the inhibitor behaves electrochemically in the environment.
The ability of the inhibitor to react is attentively related the inhibitor's different parameters such as E HOMO , E LUMO, softness and hardness parameters obtained from E HOMO , E LUMO energies. Quantum chemical investigations were applied to find the corrosion inhibitory effect and molecular orbital energy levels of certain nitrogen containing heterocyclic organic compounds such as amides [19, 20] , amino acids and hydroxy carboxylic acids [21] , pyridine-pyrazole compounds [22] , sulfonamides [23] .
While in computational chemistry, molecules are calculated according to three basic methods ab initio, semi-experimental and molecular mechanics. The Density Function Theory (DFT) [24] is the method most commonly used by researchers in the last 20 years, which have been theorized by Hohenberg and Kohn. DFT is based on the principle that the total electron energy of a molecule is found based on the electron density of that molecule [25, 26] . The DFT method has been used to investigate the inhibitory activity of various corrosion inhibitors in different base sets [27, 28, 29, 30, 31, 32, 33] . (Table 1) were obtained by treatment of 3-alkyl-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-ones (T) with bis-(4-formylphenyl) [1,1 0 -biphenyl]-4,4 0 -disulfonate (A) (Scheme 1). The starting compounds T were synthesized according to literature [34] . The new synthesized molecules were clarified using spectral data (IR, H-NMR). The synthesized new molecules were theoretically evaluated for corrosion inhibitor activities.
Material and methods

Nine novel {bis-
4-[(3-alkyl-5-oxo-1H-1,2,4-triazol-4(5H)-yl)-imino- methyl]-phenyl} [1,1 0 -biphenyl]-4,4 0 -disulfonates (M2-10)
Experimental methods
Synthesis section of this work was supported by the Scientific
Research Projects Coordination Unit of Kafkas University (Project Number: 2016-FM-09).
Used chemical and apparatus
The required chemical compounds were obtained from Aldrich and Merck AG. 1 H and 13 C NMR spectra, which used to elucidate the structures of the synthesized compounds, were obtained in DMSO-d 6 with TMS as internal standard by Bruker Ultrashield Plus Biospin spectrometer at 400 MHz and 100 MHz, respectively. Alpha-P Bruker FT-IR spectrometer were used IR spectra. Stuart SMP30 melting point apparatus were used in order to determine the melting points. 
Table 1
The name of 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives and their abbreviations.
Abbr. Compound Name 
Calculation methods
The approximate geometry of the molecules in the gas phase and in the base case in three dimensions was plotted in the GaussView5.0 molecular imaging software [35] , the initial geometries of the molecules were obtained using the GaussView 5.0 packet software to and calculated in the Gaussian09W software [36, 37] (Fig. 1) . In order to better determination of the electronic properties of the structures, the DFT method is used which takes into account the electron density and produces the desired data over this electron density. B3LYP is popular for many reasons. It was one of the first DFT methods that was a significant improvement over Hartree-Fock. B3LYP is generally faster than most Post Hartree-Fock techniques and usually yields comparable results. It is also fairly robust for a DFT method. On a more fundamental level, it is not as heavily parameterized as other hybrid functionals [38] . In addition, the hybrid function B3LYP in the Gaussian09W software, which is suitable for the workstation's capacity and 6-31G(d,p) [38] as the basic set were used. All calculations were made on computers located in Chemistry Department of Kafkas University Science Faculty.
Electronic structure identifiers from all the geometry-optimized structures and E HOMO , E LUMO , ΔE, η, σ, χ, nucleophilicity (ε) index, electrophilicity (ω) index, chemical potential (Pi), μ and the ΔN associated with corrosion inhibition activity were calculated. In addition to the electronic structure identifiers, the total negative charge (TNC) parameter is also investigated. Fig. 1 . The optimized gas-phase molecules at DFT/B3LYP theoretical level using 6-31G(d,p) basis set. . It have been found that these results are compatible with the structure. In 1 H-NMR spectra of the compounds, The peaks of the N-H protons were observed in the range of 12.41-11.85 ppm. The protons of azomethine moiety (N¼CH) were found at δ 9.71-9.64 ppm. Theese data are consistent with the literature. Aromatic protons of 1,4-disubstituted benzene ring in the range of δ 8.10-6.83 ppm and aromatic protons bound to C-3 in the triazole ring were found to be consistent with the values given in the literature. Additionally, When 
Geometry optimization
Gas phase geometry optimizations of all the structures (M1-10) (Fig. 1 ) studied were primarily determined by using the MM2 method and followed by the subsequent semi empirical PM3 consistent molecular orbital (SCFMO) method. Advanced geometry optimizations were achieved using RHF and B3LYP/6-31G(d,p) base sets. Normal mode analysis for each structure did not result in any negative frequencies in all three calculation methods [39] .
Inhibitor activity parameters
Identifiers derived from the electronic structure of the molecule, which are linked to the electronic structure, are called electronic structure identifiers [40] . Some of them are, the E HOMO , E LUMO , ΔE gap , η, σ, χ, Pi, ω, ε and μ. Among these identifiers, HOMO, LUMO and μ are obtained from the Gaussian output file of the molecule. Other identifiers can be calculated by existing equations in the literature.
According to the Koopman's theorem, E HOMO and E LUMO values of any chemical type are associated with its ionization energy and electron affinity values [40, 41] . ΔE [42] , η [43] , σ [44] , χ and Pi [45] can be calculated by the following.
I ¼ -E HOMO [40, 41] (1)
The electrophilicity (ω) index is a measure of the energy depletion due to the maximum electron flow between the transmitter and the receiver [46] . The equation is given as it is in 8. The nucleophilicity (ε) index is a new molecular structure identifier [47] . The equation is given as it is in 9.
ΔN of the electrons transferred between the inhibitor and the metal is calculated by the following equation using the theoretically calculated χ and ɳ values [48] . The χ inhibitor and ɳ inhibitor values of the inhibitor in the equation are calculated theoretically while the χ metal and ɳ metal values of the metal atom are experimentally determined by Pearson. According to Pearson, since the electron affinity (A) and the ionization potential (I) of a single metal is assumed equal (I ¼ A), the ɳ metal value is taken as zero for a single metal [47] . The total energy, TNC [49, 50] and electron structure identifiers of all the molecules studied are given in Table 2 .
When we look at the HOMO and LUMO energies in Table 2 of the studied constructions, it seems that there is a general tendency among them. E HOMO order is as shown below.
Since HOMO is related to electron donating capacity, it is important for corrosion studies. It can be said that the inhibitory effect of inhibitor molecules increases with increasing HOMO values [51] . Thus it acts on the charge transfer mechanism along the metal surface, enabling adsorption. It is seen that compound M7 having the highest inhibitory activity and compound M3 having the lowest inhibitory activity are seen to have the highest inhibitory activity according to the high E HOMO value (Fig. 2) .
LUMO is about the ability to accept electrons. Low valued E LUMO indicates that the inhibitor can place an additional negative charge on the metal surface. E LUMO order is as shown below.
The E LUMO sequence shows that LUMO energy of M3 has the lowest energy and the LUMO energy of M7 is with the highest energy. LUMO energy values of inhibitors with high HOMO energy values were also found to be high. For this reason, it was determined that the M7 inhibitor was reactive by acting as a donor and accordingly its inhibitor activity was high. The lowest E LUMO and the lowest E HOMO values belong to the M3 inhibitor. While inhibitors with low E HOMO reduce the reactivity to metal, the metal inhibitor acts as a donor to the inhibitor. Accordingly, the activity of the inhibitor is reduced while the reactivity of the metal is increased. According to HOMO-LUMO energies, M7 molecule has the most effective corrosion inhibition (Fig. 2) .
The energy gap between E HOMO and E LUMO has a very large preliminary significance and clarity in order to determine the theoretical inhibition efficiency, as well as the static molecular reactivity. According to the energy gap value, the sequence of the inhibitors is as follows:
The energy gap is a measure of another molecule's activity against the molecule. It is important to compare ΔE for inhibitor studies. The lower the absolute value of the energy gap, the better efficiency of inhibition. The lower value of ΔE in corrosion inhibitors depends on the E HOMO rather than the E LUMO . Inhibitor derivatives with high HOMO energy and low ΔE can be used as good anti-corrosion agents [51] . Given the above E HOMO and ΔE sequence, it can be said that M7 will provide a good inhibition activity depending on the highest value of HOMO energy.
It is also supported by the TNC values [49, 50] that M7 has the most effective corrosion inhibition. The TNC is about the ability to become an electron donor. From the TNC values in Table 2 , it is seen that the most negative load is in the M7 inhibitor. The fact that the number of heteroatoms in the M7 inhibitor is high plays an important role in this. Unlike other molecules at M7, oxygen atoms in the substituent position increase TNC [49, 50] . In addition, the HOMO in the orbital diagram in Fig. 2 supports this situation in centers.
Charges of the atoms in the molecular structure of the M7 inhibitor is shown in Table 3 . The use of Mulliken population analysis is a widely used method for predicting the adsorption centers of the inhibitor molecules [51] (Table 3) . It has been supported by many researchers that the presence of negatively charged heteroatoms increases the ability to adsorb on the metal surface by donor-acceptor mechanism [52] . In view of this information, M7 has an effective inhibitory effect due to negatively charged nitrogen atoms, oxygen atoms and carbons in the aromatic ring. Looking at the MEP map in Fig. 3 , it is seen that the oxygen bound to the triazole ring has a denser red color than the other negative atoms. This can be interpreted as the fact that the M7 inhibitor can be coordinately bound to the metal surface, again from these centers.
ɳ and σ are other important parameters that give information about the stability, reactivity and inhibitor activity of an inhibitor. The ɳ and σ of the grading of said inhibitors should be as follows, respectively:
Since the organic selected as an inhibitor behaves as a lewis base, and soft inhibitors are more reactive compared to hard inhibitors, they behave as better corrosion inhibitors [53, 54, 55] . In this case it was calculated that the M7 inhibitor with high E HOMO and low ΔE had high softness and low hardness values. The ɳ and σ values support that the M7 inhibitor has the most effective inhibitory effect.
χ and Pi are other parameters that are calculated for inhibitor activity. The sequence of χ is as follows:
The calculated χ values of the inhibitors give information on how the coordinated covalent bond between the metal and the inhibitor occurs [51] . In this study, corrosion inhibition activity of the molecules designed as inhibitors on iron metal was examined. The χ values of the inhibitors calculated in Table 2 were found to be lower than the experimental χ value of the iron metal. Thus, it has been determined that the iron metal will form bonds by taking electrons from the inhibitor compound. When we look at the χ sequence, the M7 inhibitor will act as the most effective corrosion inhibitor with the lowest χ value. Pi the inverse of electronegativity. That is, a molecule with a high chemical potential has a high activity against other molecules, while a molecule with a low potential has low activity against other molecules [56] . As shown in Table 2 , the inhibitor with the highest activity is M7.
When look at the ΔN [48] values obtained for iron and metal inhibitors (Table 2) , it can be said that M7 molecule transfers more electrons to the iron metal, thus it is a more effective inhibitor.
Another parameter shown in Table 2 is the dipole moment. However, studies in the literature have not found a clear link between μ and inhibition activity. In some studies, it is said that the activity of molecules with higher μ value leads to better inhibition, while in other studies it is said that the inhibition effect increases with decreasing μ value. The M7 inhibitor, which is in compliance with other parameters, has low dipole moment. This can be interpreted as a better covering of the metal surface at low μ values. ω and ε indices are important parameters used in the activities of corrosion inhibitors. The ω index indicates the ability of inhibitor Table 2 Total energy, sum of negative charges (TNC) and values of electron structure identifiers calculated using 6-31g(d,p) basis set at the DFT/B3LYP theory level of molecules in gas phase.
Molecule Name
Total Energy (a.u) molecules to accept electrons [46] . The ε index shows the ability of the inhibitors to donate electrons [57] . The inhibition activity increases with decreasing ω value or increasing ε value [58] . According to ω and ε, the theoretical inhibition efficiency sequence is as follows:
As can be seen in the sequence, the calculated ω value of the M7 inhibitor decreased, and the ε value increased. It is observed that the M7 inhibitor has the most effective inhibitory effect with ω and ε values in accordance with other parameters.
Conclusion
In this study, the structures of nine new {Bis-4- According to the obtained results, E LUMO values of inhibitors with high E HOMO values were also found to be high. For this reason, it was determined that the M7 inhibitor was reactive by acting as a donor and accordingly its inhibitor activity was high. Inhibitor derivatives with high E HOMO and low ΔE can be used as good anti-corrosion agents. Given the E HOMO and ΔE sequence, it can be said that compound M7 will provide a good inhibition activity depending on the highest value of E HOMO . It can be interpreted as the fact that the M7 inhibitor, which is included in the study, is better at covering the metal surface at low dipole moment value, although a clear conclusion about the dipole moment is not found in the literature.
When look at the Mulliken atomic charges of the M7 inhibitor, it can be said that the electronegative atoms have a great effect on the inhibition activity, the negatively charged atoms have HOMO centers on them, and from there the inhibitor can be bound to the metal surface from these centers. The TNC value associated with the ability to donate is highest in the M7 molecule. It has been seen that the most active region in the MEP map is around the oxygen(s) bound to the triazole(s) (Fig. 3) .
The calculated ƞ, σ, χ, Pi, ω and ε parameters support that the M7 inhibitor has the most effective corrosion inhibition effect. The lower χ value of the inhibitor shows that the iron metal will form a bond by taking electrons from the inhibitor compound and the higher ΔN value of the inhibitor shows that it will be better adsorbed to the metal surface and the corrosion inhibition effect will increase.
It is revealed that there is a close relationship between the activity of organic-based corrosion inhibitors showing good corrosion inhibitor activity and the calculated quantum chemical parameters of the process. One of its greatest advantages is that the studied structure can be changed in accordance with calculations.
The M7 compound has effective corrosion inhibition properties and is thought to exhibit more effective inhibitor properties, if the number of heteroatoms in the structures of other molecules is increased.
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